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in the study. All the selected patients in our study were admitted in the hospital with subacute onset severe pain and dysesthesia involving both lower limbs, pain in upper limbs in some patients, autonomic dysfunction in the form of resting tachycardia, postural hypotension and episodes of excessive sweating, myokymia, and fasciculations; some patients had encephalopathic features such as confusion, disorientation, irrelevant talk, and apathy. All the patients had Siddha medicine intake either in the form of tablet, powder, or syrup form. Most of the patients developed symptoms during Siddha medicine intake and some patient developed symptoms with a short interval after stopping the medicine intake.
Detailed clinical examination and neurological assessment were done for all the patients. All patients underwent detailed blood investigations to rule out other causes of neuropathy. Complete blood count, fasting and postprandial blood sugar, urea, creatinine, sodium, potassium, liver function test, thyroid profile, HIV serology, Serum HBsAg, HCV antibody, vasculitic profile, electrocardiogram (ECG), X-ray chest, and ultrasonography abdomen were done. All the patients underwent magnetic resonance imaging (MRI) spine study to rule out compressive lumbosacral radiculopathy. MRI brain was done in selected patients who presented with encephalopathy; nerve conduction study (motor nerve conduction, sensory nerve conduction, and F-wave analysis) and needle electromyography (EMG) (analysis of spontaneous discharges, motor unit potentials, and interference pattern) were done in all patients.
In all these patients, no specific etiology was found to explain the clinical features other than Siddha medicine exposure. As recent literature evidences supported the role of heavy metal toxicity in patients with native medicine intake, we sent the blood samples of all these patients to estimate the levels of mercury, lead, and arsenic which are the common heavy metal toxins found in native medicines. These heavy metals were measured in the blood by inductively coupled plasma mass spectrometry method. As the patients had features of neuromyotonia, blood anti-VGKC antibody (CASPR2) analysis was done in selected patients by indirect immunofluorescence antibody assay.
Patients with the same clinical features following Siddha medicine exposure who cannot afford to test heavy metal level in blood were excluded from the study; patients with incomplete blood investigations were excluded from the study analysis as other causes of neuropathy could not be ruled out in these patients. Patients with compressive radiculopathy due to lumbosacral disc prolapse were excluded from the study. Patients with uncontrolled hyperglycemia and those who were known to have symptoms of the diabetic neuropathy were excluded from the study. Totally fourteen patients (who had the same clinical features following Siddha medicine intake) were excluded from the study by following the exclusion criteria.
reSultS

Patient's characteristics
Thirty-two patients fulfilled the inclusion criteria; 15 were females and 17 were males; Most of the patients (19 patients) were middle-aged adults [ Table 1 ] in the 31-50 years' age group (59.4%).
Siddha medicine exposure
All 32 patients in the study took Siddha medicine during or before the onset of symptoms. Most of the patients consumed Siddha medicines for simple, chronic, and benign illnesses. They have consumed Siddha medicine for the management of psoriasis (3 patients), pimples (1), hyperpigmented skin lesions (1), spondylotic low back pain (9) and osteoarthritis of knee (3), anorexia (3), hydrocele (1), menstrual irregularities (1), migraine (3), and tiredness (4). Three patients consumed Siddha medicines for the management of type 2 diabetes mellitus (DM), Duchenne muscular dystrophy, and HIV infection, respectively.
Most of the patients took Siddha medicines for a duration, varying from 1 month to 3 months, and they stopped the intake of medicines after developing back pain, lower limb pain, or after admission in the hospital. For most of the patients, symptoms started during Siddha medicine intake, but 8 patients (25%) developed symptoms with a short interval (latent period) after stopping the Siddha medicine. The latent period varied minimally from 15 days to maximally 4 months. Only 2 patients had prolonged exposure of 8 months and 2 years.
All the patients in the study bought Siddha medicines from unauthorized dealers and unauthorized Siddha practitioners. None of the patients in the study group was treated by registered Siddha medicine practitioners.
Clinical features
All patients [ Table 2 ] had subacute presentation with 15 days to 2 months' duration of symptoms.
Neuropathic pain
Neuropathic pain was the most common important symptom experienced by all the patients in the study group. Patients developed pain in the low back region and buttock and pain involved the bilateral lower limbs in most of the patients. Pain felt diffusely in whole lower limbs, only over the thigh, only over the calf, or only over the foot. Pain was severe, continuous, intractable, unbearable, and persistent throughout the day and sleep was severely disturbed. It was pulling dysesthesia, burning, or squeezing in nature. Pain was typically aggravated in the night or in the early morning time. Pain was typically aggravated by standing or walking for a short distance (lower limb pulses were normal). Hence, most of the patients preferred to lie down quietly in the cot although pain was not relieved by lying down posture. Pain was commonly felt in the low back, front of thigh, and calves [ Table 3 ]. Some patients also had similar type of neuropathic pain in the bilateral shoulders, neck, and arm, and one patient had bilateral chest pain (cardiac evaluation was normal).
Most of the patients cried developed depression and some patients had suicidal ideas due to intractable and drug refractory pain. Only five patients in the study complained numbness, two patients had patchy forearm numbness, two had leg numbness, one had perioral numbness, and none of these five patients had objective sensory loss. Most of these patients initially consulted in orthopedic hospitals, and MRI spine would have been done before admission in neurology unit. All patients in our study underwent MRI spine which was normal in all of these patients (no evidence of disc prolapse with root compression). Severe neuropathic pain did not respond to nonsteroidal anti-inflammatory drugs and usual dose of pregabalin. All the patients required larger doses of pregabalin or gabapentin and oral opioids; fentanyl patch (50 µg/day) was used in some patients with intractable pain. Combination of intravenous (IV) methylprednisolone with these drugs produced better pain relief.
Myokymia and fasciculations
Twenty-six out of 32 patients developed myokymia and fasciculations. In 12 patients, myokymia was confined only to the bilateral calves. In seven patients, myokymia involved the bilateral whole lower limbs. Seven patients had generalized myokymia and fasciculations involving all four limbs and trunk. Out of the 26 patients, 3 patients had perioral myokymia and fasciculations.
Characteristically, all the patients in our study had no evidence of motor or sensory deficits although they had peripheral nerve injury as evidenced by neuropathic pain, myokymia, and fasciculations; only one patient had bilateral calf muscle wasting without weakness. Nerve conduction studies and needle EMG were done in all patients; nerve conduction study was normal in all of the patients (no evidence of axonal loss, demyelination, or F-wave abnormalities). Needle EMG showed spontaneous discharges including fasciculations and myokymia in the clinically involved muscles in all the 26 patients who had clinical myokymia. No clinical or EMG evidence of myokymia was found in the remaining six patients. All patients had normal motor unit potentials and interference pattern.
Autonomic dysfunction
Fifteen patients in the study had resting tachycardia with heart rate varying from 120 to 140. ECG confirmed it to be sinus tachycardia. Cardiac evaluation including echo was normal. Two patients had severe postural hypotension and had postural dizziness and could not walk; five patients had paroxysmal episodes of excessive sweating involving whole body lasting for 5-10 min, several episodes/day. Episodes of sweating lasted for 15 days to 1 month. Two patients had severe hypertension (HT) only during the period of Siddha medicine toxicity symptoms. They had normal blood pressure before and afterwards. One of the patient developed seizure during severe HT and had features of posterior reversible encephalopathy syndrome in MRI brain.
Three patients had paroxysmal episodes of chills and rigor along with piloerection [ Figure 1 ]. Rigor lasted for about 30 min and improved spontaneously. They had several episodes of rigor/day. They had no fever. One patient had frequent episodes of rigor that lasted for 1 month without fever. He was evaluated in a hospital as pyrexia of unknown origin although he had no fever. Rigor recovered spontaneously in 1 month.
Encephalopathy
Nine patients in the study group had encephalopathic features in the form of dullness, apathy, confusion, irrelevant talk, and outbursts of anger. Two patients had dysarthria. Four patients had features of severe depression although premorbid mood was normal. Four patients had drowsiness, 
Extrapyramidal features and neuroleptic sensitivity
One patient with encephalopathy had mild extrapyramidal features (not drug induced) with limb rigidity and bradykinesia which gradually improved over 1 month. Patients with Siddha medicine toxicity showed extreme sensitivity to small dose of neuroleptic medicines. Two patients with encephalopathy and delirium received small dose of IV haloperidol (1 mg), and they developed severe extrapyramidal syndrome with orofacial dyskinesia, coarse tremors of the upper limbs, and severe rigidity of limbs; by witnessing the excessive sensitivity to neuroleptics, we avoided using haloperidol for patients with Siddha medicine toxicity and delirium, and instead, we started using IV benzodiazepine or oral quetiapine to control agitation and delirium.
Skin features
Three patients developed severe skin scaling and loss of epidermis in the distal extremities (palms and soles) [ Figure 2 ]. One patient developed ichthyosis in the leg. No nail changes were found.
Renal failure
Seven patients found to have proteinuria and no other causes (HT or DM) were found in these patients to explain proteinuria. One patient developed nephrotic syndrome with anasarca and he also had encephalopathy, tremors, myoclonic jerks, dysarthria, and myokymia. He developed severe hyponatremia, sepsis, and died. Renal biopsy could not be done for him.
Hyponatremia
Six patients had hyponatremia and three of them had severe symptomatic hyponatremia with high urine sodium and euvolemia suggestive of SIADH. With 3% saline, sodium level improved.
Other features
Insomnia was a common symptom. Twenty-two patients experienced severe insomnia. Three patients had tiredness, fatigue, and extreme lethargy. Three patients had severe weight loss, more than 10 kg in 3-month period. These three patients were investigated extensively with upper gastrointestinal scopy and whole-body positron emission tomography scan, and no cause was found.
Blood mercury level analysis
All the patient underwent detailed blood tests which were normal; no other causes were found to explain the clinical presentations other than the close temporal association with Siddha medicine intake.
All patients underwent blood mercury, arsenic, and lead level. Blood mercury level was high in all the patients in the study group. None of patients worked in industry involving mercurial products. In all the patients, only source of mercury exposure was Siddha medicine ingestion, obtained from unauthorized dealers. Twelve patients had blood mercury level in the range of 10-20 ng/ml (normal level is <10 ng/ml); 11 patients had blood mercury level in the range of 20-40 ng/ml; and 9 patients had very high blood mercury level (>40 ng/ml).
All patients with very high blood mercury level had prolonged and frequent intake of Siddha medicines. The level of mercury in the blood was directly correlated with the severity of clinical presentation. Patients with high blood mercury levels had very severe clinical features (prolonged and severe neuropathic pain, severe autonomic dysfunction with sweating and rigor, generalized myokymia, and prolonged encephalopathy).
Blood lead level was normal in all the patients. Blood arsenic level was high in one patient (15 ng/ml). Anti-VGKC Ab (CASPR2) was done in 20 patients (out of 26 total patients who had myokymia and fasciculations), out of which 12 patients had positive anti-VGKC Ab (CASPR2). 
Treatment and outcome
Patients with prolonged exposure of Siddha medicine showed severe clinical features, but exposure of at least 15 days was sufficient to produce severe clinical features. All the patients were treated symptomatically with pregabalin, gabapentin, opioids, and short course of steroids. We have used steroids in all of our patients in the study group, irrespective of the VGKC Ab status. We used injection methylprednisolone 500 mg IV OD for 5 days followed by oral prednisolone 10 mg/day for next 4-6 weeks. When steroids were started, patients had better pain relief and reduction in myokymia (gradually) than treatment with pregabalin alone. Only one patient (with positive VGKC Ab) showed dramatic recovery of pain and myokymia in a single day after starting injection methylprednisolone 500 mg IV OD. Dose of pregabalin used was 150-300 mg/day according to the treatment response. Gabapentin was used with dose ranging from 200 to 600 mg/day.
All the patients improved gradually over several months (3-6 months). Severe neuropathic pain and myokymia reduced at least after a period of 3 months. Encephalopathy, tremor, sweating, and rigor improved over 1 month. Only four patients received penicillamine, which did not improve the symptoms. Except for one patient, no other patients showed dramatic recovery with steroids.
All patients became completely symptoms free 4-6 months after stopping the Siddha medicine intake. Patients with prolonged encephalopathy, severe generalized myokymia, and autonomic dysfunction had delayed recovery. Follow-up monitoring of blood mercury level was done only in six patients (due to economic reasons) who showed gradual decline in blood mercury level over 6 months.
Two patients died during the course of illness. One patient with encephalopathy and nephrotic syndrome died of sepsis. Other patient with severe extrapyramidal syndrome had severe autonomic instability and hypotension. He was taken home against medical advice and died in the house.
dIScuSSIon
Mercury can produce toxicity to human beings through ingestion, inhalation, or rarely IV route. Minamata disaster due to mercury poisoning occurred in Japan in 1950 due to consumption of mercury-polluted fish from the bay of the Japanese coastal city, Minamata. Methylmercury released from a chemical factory contaminated this bay. Mercury is also found in industrial products such as battery, thermometer, agricultural fungicides, and some cosmetic products.
[1] One more important and neglected source of mercury in ingested form is unauthorized Siddha medicines.
Indian traditional medicine systems use heavy metals and minerals in preparation of medicines after purification and detoxification. [2] Metals and minerals are used more predominantly in Siddha medicines than other systems (ayurvedic). Among the several heavy metals (lead, arsenic, gold, mercury), mercury is used extensively in Siddha medicine after detoxification. [3] The branch of Siddha science that deals with mercury-based medicine is called Rasa shastra or Rasavatham. [4] Rasa means elixir of life. Rasa denotes state of liquidness. Mercury is denoted as rasa and is considered as kingdom of minerals. Mercury-based Siddha medicines are widely used by Siddha physician. In Siddha medicine preparations, mercury is used in five forms such as rasam (mercury), lingam (red sulfide of mercury), veram (mercury perchloride), pooram (mercury subchloride), and rasa-chinduram (red oxide of mercury). They are known as Pancha sutha. [5] Mercury in naturally occurred forms (elemental mercury) and organic forms is toxic to the human body. Hence, much importance is given to the purification of mercury to obtain inorganic mercury (nontoxic form -Vaalai rasam) to be used in medical preparation, [6] so ancient siddhars took utmost care to evolve the specific methods for the detoxification of mercury. [4] Various processes are involved in purification of mercury to remove 15 layers of toxicity. [5] This detoxification method is followed till now for preparation of Siddha medicines. Scientific analysis should be made to identify what chemical change occurs during detoxification process. [7, 8] Poor quality drugs, inadequately detoxified drugs, can produce serious side effects to human beings. In our study, all the patients received Siddha medicines from unauthorized dealers (i.e., from persons who did not have qualified Siddha medicine degree, recognized by Indian Government).
Almost all patients in this study had clinical features mimicking acquired neuromyotonia (Isaacs' syndrome) and Morvan's syndrome. Neuromyotonia was first described by Isaacs in 1961. [9] It is characterized by severe muscle stiffness, muscle cramps, fasciculations, myokymia (continuous muscle fiber activity), and weakness of limbs. Morvan's syndrome (described by French Physician Augustine Marie Morvan in 1890) is also characterized by similar continuous muscle fiber activity and in addition central features such as insomnia, irritability, and delirium; [10] peripheral nerve motor axonal hyperexcitability is the reason for the clinical features in these conditions. [11] Needle EMG is characterized by spontaneous discharges in the form fasciculations, doublet, triplet, myokymia, and neuromyotonia. [12] Acquired neuromyotonia is autoimmune in nature, [13] [14] [15] and antibodies against VGKC Ab are found in about 30%-40% cases of acquired neuromyotonia. Often, the condition is idiopathic or secondary to conditions such as neoplasm, lymphoma, and thymoma. [16] Toxin exposure (lead, silver, mercury, and gold) is also associated with neuromyotonia. [17] A large number of case reports and case series analysis are available in the world literature about the association of native medicines intake or heavy metal poisoning with neuromyotonia like presentation. [18] [19] [20] In this study, 81.2% of patients had continuous muscle fiber activity in the form of myokymia and fasciculations. All patients in the study had severe neuropathic pain. None of the patients had muscle stiffness, neuromyotonia, or muscle weakness. All the patients in the study had strong temporal relationship with the Siddha medicine intake (clinical features developed along with Siddha medicine intake or followed it), and no other causative factor was identified; all the patients had high blood mercury levels. None of the patients in this study had exposure of other sources of mercury such as agricultural fungicides or other chemicals. Hence, mercury toxicity in all the patients in the study is unequivocally due to unauthorized Siddha medicine intake which always contains mercurial products. Mercury attached to the tissues will take long time to clear from the body. Delayed clearance of blood mercury level in some of the patients in the study is probably due to the slow daily release of tissue mercury into the bloodstream.
Literature evidence also supports the association of heavy metals in native medicines and neuromyotonia like presentation. Zhou et al. reported [18] three cases of mercury poisoning associated with motor nerve hyperexcitability; two of these three cases also had encephalopathic features. Panagariya et al. reported [19] the clinical profile of series of twenty cases of neuromyotonia from Northwest India. Eleven out of twenty cases had striking temporal association with ayurvedic medicine intake. However, routine heavy metal screening (mercury, lead, arsenic, and gold) was negative. Chaurasia et al. reported [20] a case of continuous muscle fiber activity in a patient after ayurvedic drug intake. Blood silver and lead level was high. Case reports are also available in the literature about the association of mercury toxicity and systemic HT, [21, 22] like our cases.
In this study, strikingly all patients had only unauthorized Siddha medicine intake and none had exposure to other medicines such as ayurvedic or homeopathic medicines; mercury is used more extensively in Siddha medicines than preparation of other native medicines (ayurvedic or homeopathic). Interestingly 12 patients in the study had positive VGKC-CASPR2 antibodies. This finding indicated that mercury not only produced direct toxic damage of peripheral nerve terminals but also it triggered autoimmunity against the ion channels (VGKC), located in the peripheral nerve terminals, by exposing these ion channels into body's immune mechanism. Probably, two different pathogenic mechanisms operated in these patients (1. heavy metal mediated and 2. autoimmune mediated) to produce peripheral nerve damage. The presence of "latent period" before clinical presentation in some of the patients could be explained by autoimmunity (time required to generate autoimmunity). Action potential is generated in the peripheral nerve terminal by opening of the Voltage -gated calcium channels (VGCC).
Repolarization of peripheral nerve terminal occurs due to opening of the VGKC [ Figure 3 ]. In neuromyotonia and Siddha medicine-induced mercury toxicity with secondary autoimmunity, antibodies to VGKC result in inadequate opening of potassium channels, [23] poor repolarization, and prolonged opening of VGCC. This results in excessive entry of calcium in the nerve terminal, excessive release of acetylcholine quanta and ultimately leads to continuous muscle fiber activity.
Although VGKC antibodies (CASPR2) are also found in idiopathic acquired neuromyotonia, several clinical features in this study distinguished Siddha medicine-induced mercury toxicity from idiopathic neuromyotonia. In idiopathic acquired neuromyotonia (Isaacs syndrome), motor features dominate and sensory and autonomic symptoms are less severe; muscle stiffness, muscle cramps, and neuromyotonia [23] are the cardinal clinical features; however, in this study, sensory symptoms dominated the clinical presentation, and severe, intractable neuropathic pain syndrome predominantly involving lower limbs was the most common presentation. Although myokymia was present in most of the patients, often, it was asymptomatic and not disabling; some patients had life-threatening autonomic dysfunction. None of the patients in the study had muscle stiffness and cramps which are the salient features of idiopathic neuromyotonia; Although VGKC antibodies (CASPR2) are found in these patients, it must be a triggered autoimmunity secondary to mercury toxicity. Table 4 clearly shows the distinguishing features between acquired neuromyotonia with VGKC Ab positivity and mercury toxicity following Siddha medicine intake with secondary VGKC Ab positivity. Patients in this study also had encephalopathy, delirium and extrapyramidal features, proteinuria, and renal failure which indicated that cerebral cortex, basal ganglia, and renal tubules [25] were also involved in the pathology. VGKC antibody level was done only in 20 out of 32 patients due to nonaffordability of some of the patients to do the test. Mercury level could not be measured in the Siddha medicine preparation due to nonavailability of such analysis in our region. All the patients in this study took Siddha medicine only for trivial illness such as skin conditions or osteoarthritis, and medicines were obtained from unauthorized dealers; two patients in the study died due to the consequences of mercury toxicity (mortality 6.25%). All other patients had about three to 6 months of work loss due to intractable pain; high morbidity and mortality of this condition requires serious consideration.
Ancient Indian medicine system should be preserved. Ancient siddhars prepared Siddha medicines with utmost care to detoxify the mercury and were successful in treating various diseases without side effects. However, recent large emergence of mercury toxicity following Siddha medicine intake highly indicates that detoxification process in current Siddha medicine preparation is not followed meticulously. Licensing system should be established by the government to recognize large number of government and private Siddha medicine agencies. Unauthorized preparation and distribution of Siddha medicines should be strictly prohibited.
concluSIonS
Mercury toxicity following Siddha medicine intake closely mimics acquired neuromyotonia; severe intolerable neuropathic pain, predominantly involving lower limbs, is the hallmark feature; although VGKC-CASPR2 antibody is found in some of these patients, it must be a triggered autoimmunity secondary to mercury toxicity due to Siddha medicine intake. Blood mercury level should be analyzed in all patients with neuromyotonia and positive VGKC Ab. Licensing system should be established by the government to prevent the distribution of unauthorized and poorly detoxified Siddha medicine.
Future research
This study has raised several questions and is the potential area for future research.
Exact chemical changes during mercury detoxification
process while preparing Siddha medicines should be analyzed and surveillance method to assess the adequacy of detoxification process should be analyzed 2. Analysis of mercury content in Siddha medicine should be done 3. Analysis of motor nerve terminals (by skin biopsy)
in patients with Siddha medicine toxicity to identify the nature of pathology should be done. Cellular level changes, changes in ion channels in nerve endings, and measuring of mercury content in the nerve endings should be done. Requires long-term treatment with membrane stabilizers and immunomodulatory therapy [24] Commonly, patients do not require long-term treatment with immunomodulatory drugs and completely cured after few months of onset 7
No antecedent exposure to native medicines or toxins Always clinical features occurred along with or followed by Siddha medicines intake VGKC Ab = Voltage-gated potassium channels antibody, EMG = Electromyography
